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Abstract—Seismic vulnerability of current buildings in Bab El 

Oued district in Algiers (Algeria) is investigated in this paper. 

Buildings in this old part of the capital city are mostly made of 

unreinforced stone masonry. The information relating to the 

buildings in the surveyed area is statistically elaborated. 

Structural classification of buildings is carried out regarding 

their structural components. Vulnerability classes are attributed 

to the investigated buildings considering their structural 

characteristics, typologies and state of conservation. 

Vulnerability curves expressing the expected damage are also 

obtained.  

Keywords—damage; masonry buildings; seismic vulnerability; 

vulnerability curves.  

I.  INTRODUCTION  

Algiers, the capital city, is located in the central part of 

Northern Algeria. This region happens to be a region of 

moderate seismicity [1, 2]. This seismic activity results 

directly from the interaction between the African and Eurasian 

plates. Historically, not many large earthquakes occurred 

during the first part of the 20
th
 century as reported in the 

historical earthquake archives. During that period, many 

masonry buildings were constructed in Algiers. According to 

the functional requirements, existing construction materials 

(stone, adobe and brick) and technology, a wide variety of 

masonry buildings exist. Residential masonry buildings are 

frequently containing a commercial ground floor and 

residential apartments above [3, 4]. The number of stories 

varies from two to six (Fig. 1).  

The latest earthquake that affected Algeria and caused 

significant damage is the Zemmouri earthquake, on May 21st, 

2003. It struck the Algiers-Boumerdes region with a 

magnitude Mw=6.8.  Its epicenter was situated approximately 

60 km east of Algiers. In the oldest parts of Algiers, masonry 

buildings have shown poor performance during that 

earthquake [2, 4]. The reasons for this poor behavior are 

mainly related to the structural system of the buildings, the 

poor quality of materials, the construction process and the 

state of conservation. 

 
 

  
Fig. 1. (a) Masonry residential building in Bab El Oued district in Algiers  

(b) Rubble stone wall, (c) Typical stone masonry foundation 

The main purpose of this paper is to evaluate the physical 

vulnerability and damage of current buildings in Bab El Oued 

district. The vulnerability assessment is carried out according 

to the following parameters: (1) Inventoried buildings are 

classified into vulnerability classes, considering their 

typologies, structural characteristics and their state of 

preservation. (2) The expected damage, as a function of the 

assessed vulnerability, is expressed in terms of vulnerability 

curves. 

(a) 

(b) (c) 
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II.  OBSERVED DAMAGE IN MASONRY BUILDINGS  

During Algerian earthquakes, masonry buildings 
performed no differently than has been observed in other past 
earthquakes in the world. Substantial damage and partial 
collapse were common. Unreinforced masonry has shown 
poor performance due to the lack of tensile strength and 
ductility [5]. Cracks occur in a brittle material due to 
earthquake force causing collapse. The following damages 
have been observed on masonry buildings during past 
Algerian earthquakes [2, 3]:  

 Horizontal cracks between walls and floors,  

 Vertical cracks at walls intersections,  

 Out of plane collapse of external walls,  

 Diagonal cracks in wall piers,  

 Partial or complete disintegration of walls,  

 Partial or complete collapse of the building (Fig. 2).  

Behavior of masonry buildings when subjected to seismic 
event is depending on how the walls and the floors are 
interconnected and anchored. In the majority of observed 
masonry buildings where the timber joist is not anchored to 
the masonry, walls tend to separate along their intersections 
causing vertical cracks. 

III. VULNERABILITY AND DAMAGE ASSESSMENT 

The European Macroseismic Scale, EMS-98 [6], considers 
seven typologies of masonry buildings varied in construction 
materials and technology. They are;  

(i) Unreinforced masonry buildings (rubble stone and 
fieldstone, adobe, simple stone, massive stone, unreinforced 
with manufactured stone units and unreinforced masonry with 
reinforced concrete floor).  

(ii) Reinforced or confined masonry buildings.  

Six classes of decreasing vulnerability are proposed by the 
scale (A to F) (Table 1). For each building type there is a line 
showing the most likely vulnerability class and also the 
probable range. 

Several methods are available for the seismic vulnerability 
evaluation and are essentially depending on the criteria used in 
the evaluation study and the scale of application. The use of 
methodologies for vulnerability assessment based on few 
parameters, such as the empirical methods including statistical 
analysis, are more practical in urban area when a large number 
of buildings is considered. Empirical methods for the seismic 
vulnerability assessment of buildings are essentially based on 
the damage observed after the past earthquakes. 

A conventional vulnerability index V has been introduced 
representing the belonging of a building to a vulnerability 
class [7]. The values of this index are arbitrary because they 
are scores to qualify the building behavior. The index value is 
ranging between 0 and 1, 1 for the most vulnerable buildings 
and 0 for the less vulnerable structures.  

        
Fig. 2.   Partial collapse of masonry building during Zemmouri 2003 

earthquake 

Table 1 shows the most probable value V0 for each 
vulnerability class and the corresponding vulnerability classes 
of masonry building typologies [7].  

The correlation between the seismic input and the expected 
damage, as a function of the assessed vulnerability, is 
expressed in terms of vulnerability curves described by a 
closed analytical function [7] given by (1).  
















 


Q

VI
D

1.1325.6
tanh15.2            (1)                            

Where; I is the macroseismic intensity, V and Q are, 
respectively, the vulnerability and the ductility index. In 
particular, for the ductility index, the value Q=2.3 resulting 
from the macroseismic approach has been maintained 
representing buildings not especially designed to have ductile 
behavior. µD represents the mean damage value of the discrete 
damage distribution; it ranges from 0 to 5. 

IV. CASE STUDY: BAB EL OUED DISTRICT 

Bab El Oued is one of the oldest districts of Algiers. It is 
situated along the coast north of the city centre (Fig. 3). It has 
an average surface of 1.21 km² and more than 61000 
inhabitants with a high density of 50000 inhabitants per km² 
according to the official statistics of 2008 (Office National des 
Statistiques) [8].  

TABLE I.  EMS-98 VULNERABILITY CLASSES FOR MASONRY BUILDINGS  

 

Building type 

 

V0 

Vulnerability 

classes 

A   B   C   D   E   F 

 

M1: Rubble stone, fieldstone 

M2: Adobe (earth brick) 

M3: simple stone 

M4: massive stone 

M5: unreinforced with manufactured 

M6: stone unreinforced with RC floors 

M7: Reinforced or confined 

0.873 

0.84 

0.74 

0.616 

0.74 

0.616 

0.451 
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 Bab el oued district

Bay of Algiers 

 

Fig. 3. Location of the surveyed area 

 

Fig. 5. Distribution of vulnerability classes into typologies M1 and M2 

711 current buildings in this district were investigated 
through visual observation and inventoried. Some buildings 
have a regular structural layout with thick walls distributed in 
both directions. Poor quality of mortar was used. For the 
majority of buildings that have been inspected, it was 
observed the systematic use of wood in structural elements of 
floors and roofs. Sometimes stone or brick vaults are found in 
the first ground floor. Brick masonry was also used, where 
structural layout is frequently irregular in this type [3, 4].  

The predominant buildings typology is the unreinforced 
stone masonry. They are constructions made with non worked 
stones and poor quality of mortar. Their resistance to 
horizontal forces is low. Their most probable vulnerability 
class is A according to the EMS-98 definitions. Simple stone 
are constructions in hewn or cleft worked stones. Large stones 
are used to connect the walls in the corners. These 
constructions have better resistance and their most probable 
vulnerability class is B. Constructions with massive stone 
(large squared stones) are rare, used in the construction of 
monuments. These buildings are resistant to horizontal 
actions, so, their most probable vulnerability class is C. For 
each investigated building, the following characteristics are 
considered: (1) Building type (house, building, precarious), (2) 
Building use (dwelling, educational…), (3) Age of building, 

   

Fig. 4. Buildings distribution according to the vulnerability classes 

 

Fig. 6. Vulnerability curves introducing the mean damage value for classes A 

and B 

(4) Number of floors, (5) Structural system, (6) Plan and 
vertical irregularity, (7) State of preservation.  

The analysis of the 711 inventoried buildings provides the 
following results: (1) 45% are vulnerability class A and 47% 
are class B (Fig. 4), (2) 79.7% are masonry buildings, 
containing two typologies; M1 typology, which characterizes 
unreinforced masonry residential buildings with 3 floors or 
less, and M2 typology which characterizes the same typology 
but with more than 3 floors. (3) The two typologies are classes 
A and B (Fig. 5). The vulnerability of each category is 
quantified by the distribution of its buildings in different 
vulnerability classes. These are defined by their vulnerability 
curves (Fig. 5).  

Using (1), the expected damage, as a function of the 
vulnerability index V for the vulnerability classes A and B and 
the macroseismic intensity I, is expressed in terms of 
vulnerability curves. Fig. 6 shows that for both vulnerability 
classes A and B, when I=10 (MMI: Modified Mercalli 
Intensity), the mean damage µD ≥ 4, corresponding to 80% of 
building damage. 
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V. FINAL REMARKS AND CONCLUSION 

To conduct vulnerability study of current buildings in 
Algiers, the district of Bab El Oued has been selected. 
Buildings in this old part of the capital city are mainly 
residential, made of unreinforced stone masonry, with a 
number of floors varying from 1 to 6. Field investigations 
revealed a large variation of construction materials and 
process. A majority of the investigated buildings are in poor 
state of conservation. Past earthquakes revealed the high 
vulnerability of stone masonry buildings, which caused high 
human and economic losses. The seismic vulnerability of 
masonry buildings is due to their heavy weight and essentially 
to the manner in which the walls have been built, 
interconnected and anchored at the floor and roof levels. If the 
quality of construction and materials is inadequate, damages 
of various degrees occur. The use of mixed structural units and 
systems, and poor quality of mortar are the main reasons for 
structural damage of masonry buildings. The study revealed 
that more than 70% of the buildings in the district are 
unreinforced masonry. According to the EMS-98 definitions 
90% of these buildings are class A and B, and, in case of 
stronger earthquake the damage will be high reaching 80%. 
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